Relationship between measurements of functional network reconfiguration. In this study, we compute the following three measurements of functional network reconfiguration: (i) change in the mean of node strengths, (ii) change in the variance of node strengths, and (iii) change in the edge configuration of functional interactions. To quantify the extent that these three measurements capture similar features of topological change in the network, we compute the correlation between each pair of measurements over stimulation sessions across subjects. (a) We find that the change in the variance of node strengths due to stimulation is significantly correlated with the change in mean of node strengths (Pearson's r(246) = 0.86, p < 0.001, Bonferroni corrected). This result implies that as nodes exhibit more coherent interactions with other nodes in the network, the network exhibits a more heterogeneous profile of node strengths -where nodes may exhibit, both, stronger and weaker coherences with other nodes in the network. (b) We find that the change in the variance of node strengths due to stimulation exhibits low, non-significant correlation with the change in edge configuration (Pearson's r(246) = −0.03, p = 0.77, Bonferroni corrected). This result implies that stimulation may drive reconfiguration of the functional interactions in the network independent of the change in heterogeneity of the set of node strengths in the network. (c) We find that the change in the mean of node strengths due to stimulation exhibits low, non-significant correlation with the change in edge configuration (Pearson's r(246) = −0.09, p = 0.36, Bonferroni corrected). This result implies that stimulation may drive reconfiguration of the functional interactions in the network independent of the change in the average strength of coherent interactions at the scale of network nodes. Each observation is a stimulation session of a single subject. Similarity of Edge Configuration *** *** *** *** *** Figure 3 -2: Dose-dependent response of network reconfiguration to each dimension of stimulation parameter space. We first computed the Spearman correlation between each parameter dimension (rows of subplots) and each network measure (columns of subplots) over stimulation trials for each subject. We next used a one-sample t-test and Bonferroni correction for multiple comparisons testing to assess whether stimulation parameter changes along a single dimension reliably altered a measure of network topology across subjects. We found no significant effect of stimulation duration (a-c) and stimulation amplitude (d-f) on the three measures of network reconfiguration in any of the four frequency bands. In the high gamma band, we found that slower stimulation frequencies tended to increase the strength of network nodes (g-h) and faster stimulation frequencies tended to disrupt the strength of network nodes and drive greater edge-level reconfiguration (i). These findings imply that by varying pulse frequency, neurostimulation may be used to reinforce or disrupt node-level topology and drive edge-level reconfiguration in human brain networks. Solid lines represent the mean, and dashed lines represent standard error of the mean. *p < 0.05, **p < 0.01, ***p < 0.001. To examine the effect of stimulation location on the reconfiguration of functional network topology, we measure the node strength of the stimulation region during the baseline epoch -before any stimulation is delivered -for each coherence frequency band. Intuitively, nodes with low strength (left) tend to be functionally isolated and exhibit weak coherence with the other nodes in the network, while nodes with high strength (right) tend to be functional hubs and exhibit strong coherence with the other nodes in the network. We expect that stimulation of strong functional hubs will lead to a homogenous change in network topology, and stimulation of weak functional hubs will lead to a heterogenous change in network topology. (c) Correlation between stimulation node strength and change in mean of node strengths. We find no significant relationship between stimulation node strength and change in mean of node strengths in any frequency band. (d) Correlation between stimulation node strength and change in variance of node strengths. We find no significant relationship between stimulation node strength and change in variance of node strengths. (e) Correlation between stimulation node strength and configuration similarity. Correlations are significantly positive in the beta band (p < 0.05, corrected), in the low gamma band (p < 0.001, corrected), and in the high gamma band (p < 0.001, corrected). Correlations are computed over stimulation sessions across subjects. *p < 0.05, **p < 0.01, ***p < 0.001. In contrast with the finer-scale Lausanne parcellation (N = 1015 ROIs), we find no significant relationship between structural connectivity and baseline functional connectivity in any of the four frequency bands (p ≥ 0.05). These results imply that white matter fiber connectivity constrains ECoG functional connectivity at a scale 1-2 cm. At larger spatial scales, LFP-based functional interactions explainable by white matter connections may become obscured by smoothing neural dynamics over brain tissue 6 cm 3 in volume.
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Similarity of Edge Configuration *** ** ** Figure 6 -2: Using neurostimulation to bridge structure, function, and behavior (600ms post-stimulation). Correlation between modal controllability of the stimulated brain region and average functional configuration similarity across stimulation sessions. We find a significant positive correlation in the beta band (p < 0.01, corrected), in the low gamma band (p < 0.001, corrected), and in the high gamma band (p < 0.01, corrected). *p < 0.05, **p < 0.01, ***p < 0.001.
